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(57) ABSTRACT

An artificial cement-less hip prosthesis stem comprises an
inner construct 7 which reacts with a load acting on a hip joint
and an outer construct 8 for transmitting the load acting on the
inner construct to a femur 1. The 1nner construct has an 1nner
body 7B which reacts with the load transmitted from a neck
7A. The outer construct has both an outer body 8A which 1s
bell mouth-shaped toward an epiphysis so as to surround the
inner body 7B and a leg 8B extending toward a medullary
cavity. The torsional rigidity given to the proximal end and the
distal end of the outer body 8 A and the leg 8B 1s regulated so
as to be lower than the torsional rigidity given to an interme-
diate portion 18 of the outer body 8A.
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1

ARTIFICIAL CEMENTLESS HIP
PROSTHESIS STEM

TECHNICAL FIELD

The present invention relates to an artificial cement-less
hip prosthesis stem, more particularly, to a stem made of
composite material, which can reduce an unfavorable load
acted on a femur not only by eliminating the concentration of
shearing stress occurring at both the proximal end and the
distal end of the interface between the stem and the femur, but
also by transmitting the load charged on the hip prosthesis
through the proximal portion as well as 1n a normal state.

BACKGROUND ART

As shown 1 FIG. 13, a hip joint in which a pelvis 61 1s
connected with a femur 62 by a caput 63 which works as a
spherical bearing, enables the movements such as uprightly
standing, walking, sitting-down and the like. The femur 62
has a greater trochanter and lesser trochanter at the proximal
portion thereotf, and gluteus medius 65 connected with the
greater trochanter 64 at the epiphysis controls movements of
the femur. The break of spherical bearing due to an accident or
the like loses the cooperation of the femur 62 and the pelvis 61
so that the leg comes to be uncontrollable and 1s not able to
support the ordinary daily life.

The reproduction of the spherical bearing and the introduc-
tion of the supporting mechamsm thereof are required in
order to recover the function of the hip joint. The spherical
bearing, not 1llustrated in the figure, consists of a socket fixed
to the pelvis and a spherical head which cooperates with the
socket so as to operate as an articulation, the supporting
mechanism 1s a stem which supports the spherical head to
transmit the load to the femur. The socket and spherical head
are required high wearability and durability enough to be
used as a bearing. Recently, the development of the material
thereol has been remarkably advanced as well as the perfor-
mance thereof has been greatly improved, so it seems that the
technology of the spherical bearing has just been grown up.

The stem 1s a short rod 66, as shown 1n FIG. 13 (&), which
1s 1implanted into the femur 62, being inserted nto a deep
hollow 67 extending from the epiphysis to the diaphysis so as
not to pass through the greater trochanter 64. As shown in
FIG. 13 (¢), the deep hollow 1s formed by excising some
spongiosa 69 and a part of medulla in the cortical bone 68
having high stifiness by means of a medical rasp, so as to have
the depth reaching to medullary cavity 70. The stem 66 con-
s1sts o a neck 66a for introducing a load from the spherical
head 71, of a body part 665 for supporting the neck and
transmitting the load to the femur, and of a leg 66¢ for guiding,
the mnsertion of the stem into the hollow and keeping the
attitude thereof while advancing, as shown 1n FIG. 13 (d).

A stem ought to be chemically stable, harmless 1n human
bodies, durable, and transmit a load to a femur effectively. It
1s oiten made of cobalt alloy and titanium ally and 1s generally
formed axial unsymmetrical, whose external surface 1s often
close to the cortical bone i order to ensure the load transmis-
s10m, for the body part 66 has to be provided with a shoulder
664 1n the epiphysis 72 where there 1s an unremovable greater
trochanter 64, as shown i FIG. 13 (¢). FIG. 14 (a) 1s the
graphic arts ol the stem 66, and (5) shows a femoral prosthesis
while the spherical head 71 1s engaged with the stem, how-
ever, such a complex shaped stem made of the hard metal
mentioned above has made the manufacturing cost very
expensive.
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It 1s 1impossible to excavate a deep hollow that agrees
perfectly with a ready-made stem 1n the femur which 1s dif-
ferent in every patient. Therefore, a method for uniting the
stem with the femur by the cement filled 1n an oversized deep
hollow formed 1n the femur 1s adopted, or a method where the
stem 1s tightly inserted into an undersized hollow to unite with
the femur by Bone-Growth 1s adopted. Of course, the shape
and the stiffness of the femur are considered for every patient
in both methods. The former requires less time for uniting
them than the latter does, but un-reacted monomer may lix-
viate from the cement, and taking off the stem from the femur
1s very hard during the re-operation, turthermore, there 1s a
high possibility of suffering from pulmonary embolism, so
that recently the latter method has also been researched well
to develop the artificial hip prosthesis stem.

The load acted on the hip joint 1s transmitted as a shearing,
stress occurring on the interface between the stem and the
temur. The shearing stress 1n the longitudinal direction and
the rotational direction has to be evaluated with high accuracy
and both the shearing stress and the distribution thereof on the
interface have to be corresponding to transmitted load
required. Even 1f the integrated value of the stress acted on the
interface agrees with the transmitted load, the stress concen-
tration occurring locally on the interface causes damage of
bone and/or sharp pain to patients 1n the case that the stress 1s
larger than the allowable strength of the surface correspond-
ing thereto. The phenomenon described below will be helpiul
to understand 1it.

FIG. 15 (a) shows a modeling of the stem and the femur,
wherein the stem 1s regarded as an 1inner cylinder 66A and the
femur as an outer cylinder 62A. The modelings of (5) and (¢)
of FIG. 15 show the state where the stem 1s 1nserted tightly
into the deep hollow of the femur. Although the interface 73 1s
depicted to be thicker than the actual interface, following
phenomena will occur 1n an actual thin interface. (o) 1s an
example where either compression or tension acts in the
vertical direction. When both of the outer cylinder 62A and
inner cylinder 66 A are 1sotropic, the shearing stress 1s con-
centrated on the both ends 73e of the interface 73, as shown by
the distribution of many straight lines of which length 1s
corresponding to the magnitude of stress. The straight lines
are drawn by the radial straight lines so as to be clear to see
though they should be drawn 1n the axial direction.

FIG. 15(c¢) 1s the example where the torsion 1s acted on the
both cylinders and the torsional shearing stress 1s concen-
trated on the both ends as well. Both cases of (b) and (¢) teach
us that no stress concentration, little fluctuation of stress and
extremely low stress occur on the intermediate portion. If the
end of interface of the deep hollow cannot withstand the load
under such a distribution, 1t means that the stem cannot be
applied to a patient 1n spite of the fact that the overload 1s not
charged on him. The fact that the shearing stress occurring on
the interface 1s distributed like this has already disclosed 1n a
book authored by R. I. Schliekelmann, a Dutch aircrait engi-
neer.

While a human uprightly standing or walking, not only a
load 1n the vertical direction 1s acted on the hip joint but also
bending stress 1s acted thereon since the caput 63 deviates
from the longitudinal axis of the femur 62, as shown 1n FIG.
13 (a). The bending moment causes the tension on one side of
an object and the compression on the other side thereol, so
that both the load 1n the vertical direction and the bending
stress fundamentally makes a stress mechanism caused by the
shearing stress acted on the interface as shown 1n FIG. 15(b).
The motion during sitting-down makes a stress mechanism
caused by the torsional stress as shown 1n FIG. 15(c¢).
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The thicker the interface becomes, the duller the phenom-
ena of FIG. 15 become. Nevertheless, 1f a stem made of
1sotropic material, e.g., titanium alloy, 1s 1mplanted 1nto a
temur, both the compressing and torsional shearing stresses
greatly occur at the end of the proximal portion which is close
to the heart and at the end of the distal portion which 1s away
from the heart. Most of the load transmitted to the femur 1s
concentrated to the upper end (the end of proximal portion) of
the main body and the end of the thin leg (distal portion).

Thereby, the load to be charged on the hip joint 1s trans-
mitted also to the distal portion, so that the route for trans-
mitting the load comes to be different from that of the load in
a normal state. The reduction of the load charged on the
proximal portion which 1s activated under the appropnate
load causes Stress-Shielding that makes the cortical bone
thinner and the density thereof lower. Besides, 1f the stem
loosens at the proximal portion, Micro-Movement occurs to
make the metallic worn powder therefrom, which may be
carcinogenic. Since 1t 1s not easy that the figure of metallic
stem agrees with that of the deep hollow, Fit and Fill, which
mean a fitting rate to the wall of a deep hollow and a filling rate
in the cross section of a hollow, are not expected to be very
high. These phenomena force the femur to be charged by
spotty loads on the contacting surface independently of the
distribution of load i1n FIG. 15, causing the destruction of
bones and 1nterfacial separation. Moreover, the serious prob-
lem on using the metallic stem 1s the metallic fatigue caused
by applying 1t to the part of movable structure.

In WO2005/034818A1, a composite material stem 15 dis-

closed so as to solve the problem of the metallic stem men-
tioned above. The principal reason why much attention 1s
drawn to the composite material stem 1s that fiber reinforced
plastics are free from fatigue phenomenon. The cited mven-
tion 1s different from the stem having the metallic core cov-
ered with fiber reinforced plastics as disclosed in WQO93/
19699A1 and U.S. Pat. No. 6,749,639 B2. e¢.g., the whole of
stem 1s made of composite material and the rigidity of the skin
thereot 1s varied in the longitudinal direction, moreover the
structure of the stem 1s epoch-making, wherein even the core
of the stem contributes to the control of epidermis of the stem,

which 1s fundamentally different from U.S. Pat. No. 4,892,
552 wherein the stem 1s cut out from the overlaid block
although it 1s made of composite material only. FIG. 16 15 a
cross sectional view of the complete composite material stem
74 according to the cited invention, wherein 1t 1s implanted to
the femur 62, having a simple outer shape without shoulder
664 of the metallic stem 66 which 1s additionally shown by
single-dotted chain lines 1 FIG. 16(a).

FI1G. 16 (a) 1s a cross sectional view of the stem 1n the femur
observed at the front of a human body, and (5) 1s at the side of
the body. A cortical bone 75 1s depicted by double-dotted
chain lines around the stem 74, but spongiosa 1s not. It 1s
worthy of notice that the epidermis 77a of the stem 1s very thin
in the diaphysis 76 and the epidermis 775 1s thick in the
epiphysis 78, so that the rigidity of the stem from the proximal
portion toward the distal portion 1s gradually decreased by
changing the thickness of layer of the composite material
between the epidermis 77 and the mner epidermis 80 which
give a cavity 79 to the core portion of the stem.

The construction which gives such a change of rigidity 1s
realized by changing the number and the direction of layers of
reinforced fiber which forms the epidermis. The foaming
resin 81 occupies the space surrounded with the inner epider-
mis 80 and the epidermis 77a, promoting the shape of the
whole stem stable. Since the 1nterfacial stress does not occur

5

10

15

20

25

30

35

40

45

50

55

60

65

4

locally or greatly at the part where the load can not be trans-
mitted due to the low rigidity thereof, the stress concentration
at the distal end 1s avoidable.

Therefore, the stress concentrates mevitably to the proxi-
mal portion, so that the route for transmitting the load can be
made to be close to that 1n a normal state. Since the metallic
stem mentioned above 1s 1sotropic, the rigidity thereof cannot
be decreased at both the proximal end and the distal end to the
same degree of that of cortical bone, resulting 1n that the high
shearing stress caused by the tension/compression and the
torsion can not be checked at both the ends of the stem.
Compared with the metallic stem, the composite material
stem enables us easily to have measures to check the concen-
tration of the shearing stress.

However, in the case of the composite material stem over-
laid with fiber woven cloth and/or uni-directional fiber for
reinforcement and the resin as the matrix, the shoulder which
the metallic stem always has forces the fiber woven cloth
wrinkle so that the laminating work comes to be rather ditfi
cult. Therefore, 1n order not to decrease the molding quality
and not to increase the quality unstable, the shape of the stem
should be simple without such a sharp curve as the metallic
stem shown by the reference number 66 1n FIG. 16 (a) has.
However, Fit and Fill at the epiphysis will decrease if the stem
does not have a shoulder, resulting in increase 1n the contact-
ing arca with the spongiosa having low durability and 1n
requirement of much time and technical skill for inserting the
stem 1nto the deep hollow being curved complicatedly.

Also, referring to FIG. 16 (a), in the epiphysis 78, the
connecting force at the side of the greater trochanter 1s low,
but epidermis 77B having a high rigidity at the counter side of
the greater trochanter 1.e., at the medial side, makes the stress
concentrate at the proximal end according to the principle of
FIG. 15. The break of caput often makes the cortical bone 75B
at the medial side weak and the cutting ol a part of the cortical
bone during the operation makes the strength thereof low,
moreover, the cortical bone 1s charged with the heaviest load
when the bending moment acts on the stem by the load
charged on the spherical head after the operation. Therelore,
the cortical bone 75B 1s damaged when the stress concen-
trates on the weakened part, so that 1t will lose the property to
withstand the load, resulting 1n the failure of the function as an
artificial hip joint.

It 1s very difficult to decrease 1n the rigidity of epidermis 77
at the epiphysis of the composite material stem, for the epi-
dermis 1s extended to the neck 66a which supports the spheri-
cal head 72 and the cavity 79 cannot be extended till the
vicinity of the neck where the rigidity has to be high, conse-
quently, the artificial hip joint of FIG. 16 can not be always
applied to the patients of osteoporosis or the like, resulting 1n
the limit of application thereof.

In order to fit a stem to the hollow of a patient femur the
shape of the hollow has to be determined according to the data
of three-dimensional CT graphics of a femur. The outer shape
of epidermis of the stem touching the wall of the hollow has
to be formed with high accuracy. The process to form the stem
cannot be easily divided, for it consists of single parts, or
many complicated processes are required. Not only the pres-
sure control in the mold 1s difficult but also the miniaturiza-
tion and lightening of the mold does not progress. Even par-
tially, ready-made stems are not still usable consequently,
inexpensive stems are unavailable.

DISCLOSURE OF INVENTION

Problems to be Solved

The object of the present invention 1s to provide an artificial
cement-less hip prosthesis stem in order to solve the problems
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mentioned above; the first 1s to eliminate not only the shearing,
stress concentration occurring at the distal end of a stem but

also that at the proximal end thereot so that the load acted on
the hip prosthesis 1s distributed collectively on the same
proximal portion as the load 1s transmitted 1n a normal state 53
and so that the fluctuation of stress distribution 1s reduced, the
second 1s to make easily the outer shape of the stem having
high Fit and F1ll 1n the deep hollow, the third 1s to improve the
quality of the stem by simplifying the process for making
composite material stem so as not to have a complicated 10
shape and the fourth 1s to realize the low cost of custom-made
stems by simplifying and miniaturizing the molds.

Disclosure of Invention
15

The present mvention 1s applied to the artificial cement-
less hip prosthesis stem which 1s implanted into the deep
hollow extending from the epiphysis to the diaphysis of the
femur so as not to pass through the greater trochanter, gradu-
ally umited with the femur by Bone-Growth, comprising; 20
referring to FIG. 1, an inner construct 7 reacted with the load
acted on the hip joint and an outer construct 8 transmitting the
load acted on the 1nner construct to the femur 1. The former
construct has a neck 7A to be engaged with the spherical head
9 which works as a joint 1n cooperation with a socket fixed to 25
a pelvis, and the inner body 7B to be reacted with the load
transmitted from the neck. The latter construct made of fiber
reinforced plastics has both the outer body 8B which 1s bell
mouth-shaped toward the epiphysis so as to surround the
inner body 7B and the leg 8B combined with the outer body 30
8 A and extending toward the medullary cavity. The adhesive
filler 12 1s filled 1n the space between the outer body 8A and
the 1nner body 7B so as to combine with each other. The
torsional ngidity given to the proximal end and the distal end
of the outer body 8 A and the leg 8B 1s regulated lower than the 35
torsional rigidity given to the intermediate portion 18 of the
outer body 8A, resulting in transmitting the load distributed
collectively on the intermediate portion to the proximal por-
tion of the femur 1 as uniformly as possible.

The mnner body 7B may not contact the inner surface of the 40
outer construct 8, or may contact 1t (see FIG. 12 (a)). The
outer construct 8 1s 1norganic fiber reinforced plastics, of
which matrix 1s thermoplastic resin, e.g., polyether ether
ketone. The adhesive filler 12 filled inside the outer body 8A
1s either thermoplastic resin, e.g., polyether ether ketone, or 45
compound which chopped fiber 1s mixed 1n the thermoplastic
resin.

The torsional nngidity given to the outer body 8A except the
intermediate portion 1s regulated lower than that of the bone
around the deep hollow 6 corresponding thereto, and the 50
torsional rigidity given to the intermediate portion 18 1s regu-
lated higher than that of the bone around the deep hollow
corresponding thereto (see FIG. 2, too).

The woven cloth whose fibers are arranged at an angle of
approximate 45 degrees to the longitudinal axis of the stem 1s 55
overlaid on the whole of surface of the outer construct 8, and
the woven cloth whose fibers are arranged at an angle of other
degrees 1s overlaid only on the local part of the surface.

The leg 8B for guiding the stem into the medullary cavity
11 in the diaphysis 5 has a cavity 14 opening at the proximal 60
end thereof.

In the case of the mnner construct 7 made of fiber reinforced
plastics, the woven cloths 22 and 23 whose fibers are arranged
at angles of approximate both 45 and 0/90 degrees to the
longitudinal axis 21 of the stem, shown 1n FI1G. 4, are overlaid 65
on the whole of surface of the mner construct 7. The 1mnner
construct 7 has a shape gradually changed from the neck 7A

6

toward the distal portion without a shoulder projecting toward
the greater trochanter (see FIG. 1(a), too).

As shown in FIG. 11 (a), a portion 12a where the resin 1s
not filled 1s formed 1nside the proximal end of medial side of
the outer body 8A. And as shown 1n (¢) of the figure, either
thermoplastic resin 12A or the foam of the same 1s charged
into the leg 8B, so that the distal portion of the outer construct
8 comes to be solid.

Fine concave grooves 32, as shown in FIG. 4 (b), are
formed on the outer surface of the outer body 8A, especially
on that of the intermediate portion 18. The outer surface of the
outer body 8A 1s coated with hydroxyapatite 33.

A hook 10 hung on the opening edge of the deep hollow
may be formed on the proximal end of medial side of the outer
body 8A, as shown 1n FIG. 1 (a).

It 1s favorable for both of the outer construct 8 and the inner
construct 7 to be divided into two halves 36, 37, 38 and 39, on
the parting surface including the longitudinal axis of the
individual construct, as shown 1n FIG. 7.

As shown in FIG. 1, the inner body 7B becomes larger 1n
the cross section toward the distal portion except the neck 7A
to have a cavity 13 opening at the distal end thereof.

As shown 1n FIG. 11(b), the leg 8B may be provided with
holes 51 for passing the medicament 50 stored therein for
Bone-Growth through.

As shown 1n FIG. 12(¢), the inner construct may be made of
cobalt alloy or titantum alloy 7Q).

Eftect of Invention

According to the present invention, the outer construct may
be a thin unit made of plastic molding, which 1s independent
of the inner construct. The adjusting allowance of the ngidity
ol the outer construct 1s much wider than that of the skin of the
stem without the outer construct. The thin layer of the outer
construct 1s adaptable to the surface of a mold 1n the forming
process, so that the outer construct can be formed easily. What
has to be fitted to the shape of the deep hollow determined
based on three dimensional CT graphics data 1s the outer
construct only, not only enabling the working load during the
making process thereof to be reduced in spite of a custom-
made part, but also enabling the mold to lighten and minia-
turize because of a thin molding. The 1nner construct 1s not
required to be made precisely except the neck where the
spherical head 1s engaged with since 1t does not contact the
wall of the deep hollow. Accordingly, 1t may be a ready-made
part to greatly contribute to lowering price of the stem.

S1ze, shape and rigidity of bone vary in response to gender,
age and physique of patients, however, 1t 1s possible to design
the stem 1n consideration of not only the pressure on the
interface between the stem and the femur but also the distri-
bution of the shearing stress based on the characteristic of the
femur according to the three dimensional CT graphics
thereof, resulting 1n that the rigidity and 1ts distribution which
are suitable for the wall strength and the shape of the deep
hollow having the rgidity enough to use can be assigned to
the outer construct. The outer construct comes to be adaptable
to the femur, besides Fit and Fill may be improved as well as
Stress-Shielding may be decreased. Moreover, it 1s possible
to assign the design for promoting the contact-ability with the
femur to the outer construct with thin structure made with
case so as to lighten the designing load of the mnner construct
with thick structure having few adjusting allowance of the
rigidity.

According to the stem made of composite material, 1n
which the outer body having high torsional rigidity at the
intermediate portion 1s combined with the mner body 1nside
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thereot by adhesive filler, the rigidity given to the leg and the
proximal end of the outer body 1s regulated lower than that at
the intermediate portion of the outer body. The shearing stress
concentration occurring on the interface 1s eliminated at the
proximal end, therefore, the load acted on the wall of the deep
hollow 1s much decreased as compared with the stem without
an outer construct. The load acted on the hip joint 1s uniformly
broadened on the proximal portion of the stem and 1s trans-
mitted to the femur effectively. Unless the heavy load 1s
locally transmuitted to the femur, not only the integration of the
temur with both ends of the outer construct becomes tightly
but also postoperative disintegration of the cortical bone can
be greatly delayed. The leg 1s introduced easily into the deep
hollow due to the shape thereof, the low nigidity thereof
reduces the load acted on the wall of the deep hollow.

The adhesive filler filled 1n the space between the outer
body and inner body maintains the shape of the outer con-
struct well. The elastic modulus of the filler 1s much lower
than that of the inner body but1s close to that of the outer body,,
therefore, the impact load transmitted to the inner body 1s
reduced by the adhesive filler, the load to be transmuitted to the
outer body 1s dispersed, so that the wall of the deep hollow 1s
charged only by the load with few 1mpact, the shearing stress
occurring on the interface 1s uniformly broadened to prevent
the stem from loosening.

The majority of the load 1s transmitted to the proximal
portion of the femur via the shortest route, so that the difiu-
sion thereof 1s checked and the elliciency of transmission
thereot 1s 1improved, which means the reappearance of the
normal transmission process that the load transmitted from
the caput 1s introduced 1nto the femur. The simplification of
the load distribution and the unmiformity of the load on the
stem make the load transmission mechanism between the
temur and the stem simple, so that the promotion of Fit and
Fill 1s applied to only the region where the load 1s mainly
transmitted.

If the load 1s transmitted to the region where the load 1s not
transmitted in a normal state by using an artificial hip joint,
the load transmitted via the normal route 1s decreased, result-
ing in lowering of both the stiffness and the density of the
bone at the region corresponding to the normal route due to
the osteopenia. However, the reappearance of the load trans-
mission via normal route as mentioned above promotes to
grow the bone and to check the incidence of Stress-Shielding
at the region. Since the stem 1s cement-less type, the unifica-
tion with the femur depends on Bone-Growth, measures for
promoting Bone-Growth 1s applied to at least the intermediate
portion of the outer body.

In the case that the 1inner body 1s kept from contacting the
inner surface of the outer construct, the inner construct i1s
sustained by only the adhesive filler filled 1n the space inside
the outer body. Since the adhesive filler works as a cushion
between the inner construct and the outer body, 1t 1s not
required to decrease the rigidity of distal end of the inner body
to the limait thereot for the sake of keeping the rigidity of distal
end of the outer body low, which means that the decrease of
the durability of the mner construct 1s checked.

In the case that the distal end of the inner body contacts the
outer construct, the back-up effect of the inner construct on
the outer construct appears. However, in the case that the
distal end of the mnner body contacts the region ofThigh rigidity
of the outer body, the influence of the back-up effect remains
smallest. Shortening the mmner body leads the leg, which
scarcely ought to be charged with the influence of contact
with the mner body, to be shorter. The stem having a structure
tor changing the length of itself 1s easily also applicable to the
patients of small build.
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Thermoplastic resin used as matrix not only 1s harmless for
human bodies but also realize a tough stem adaptable to a
temur. The plastics reinforced with mmorganic fiber such as
carbon fiber, glass fiber and the like having high elasticity and
high strength never fatigue like metal does. The elastic modu-
lus of resin reinforced with the fiber 1s changeable depending
on the number of plies and/or direction of fibers, so that the
rigidity suitable for the outer construct 1s easily achieved by
tailoring the fiber woven cloth 1n response to the characteris-
tic and the rigidity distribution of the bone.

The outer body 1s tightly united with the adhesive filler
made of thermoplastic resin for reasons of the homo-charac-
teristic of material. The elastic modulus of the adhesive filler
1s much lower than that of the inner body, so that the relative
deformation between the outer body and the inner body may
be allowed. The adhesive filler made of the compound con-
sisting of chopped fiber and thermoplastic resin easily realize
the elastic modulas suitable for the bone-characteristic of
patient by adjusting the amount of the fiber mixed in the resin.

In the case that the torsional rigidity of the outer body
except the itermediate portion thereof 1s regulated lower
than that of the bone around the deep hollow corresponding to
the same of the outer body, the load passing through the
region 1s kept low so as to check the increase 1n the shearing
stress on the interface. On the other hand, since the torsional
rigidity of the intermediate portion 1s regulated higher than
that of the bone around the deep hollow corresponding to the
intermediate portion of the outer body, the outer body never
breaks before the bone corresponding to the intermediate
portion of the outer body breaks, therefore, the load which 1s
lower than the maximum strength of the bone can be always
transmitted to the bone by the artificial hip joint.

Only the woven cloth whose fibers are arranged at an angle
of approximate 45 degrees to the longitudinal axis of the stem
1s overlaid so as to cover the whole of surface of the outer
construct, so that the high torsional rigidity can be given to the
whole of the surface of the cylindrical outer construct. In spite
of the fact that the outer construct 1s a rather thin structure as
a whole, the remnforcement corresponding to the shearing
stress 1n the rotational direction occurring on the interface
between the femur and the outer construct before and after
sitting down 1s effectively achieved.

The leg having a cavity opening at the proximal end thereof
enables the stem to easily insert into the femur owing to the
function as a guiding nose of the stem and to adapt well to the
bone medullary cavity. Even 1 recerving an overload during
the 1nsertion of the stem, the deformable leg decreases the
pressure against the bone.

In the case that the 1nner construct 1s made of fiber rein-
forced plastics, the woven cloths whose fibers are arranged at
angles of approximate both 45 and 0/90 degrees to longitu-
dinal axis of the stem are overlaid so as to cover the whole of
surface of the inner construct. The inner body attains the
structure having high ngidity withstanding the bending stress
and/or torsion of the magnitude which the outer body can not
endure, especially, concerning the flexural rigidity based on
the tension/compression. The inner body can also be strength-
ened further if being additionally overlaid with uni-direc-
tional fiber from the neck to the distal portion thereof.

The inner construct having a shape gradually changed from
the neck toward the distal portion without a shoulder project-
ing toward the greater trochanter never have the portion
formed by bending the fibers at a large angle, resulting 1n
preventing the quality of moldings from becoming unstable
by the arrangement for overlaying so as not to accompany the
fibers with wrinkles. Especially, the transient region from the
neck to the mner body 1s reinforced by the unmi-directional
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fiber providing with the characteristic of high tension/com-
pression. The inner construction comes to be a molding with
high quality so as not only to withstand the bending moment
caused by the load acted on the spherical head but also to
transmit the load smoothly to the outer construction.

In the case that the adhesive filler 1s not filled 1n the vicinity
of the proximal portion of medial side of the outer body, the
upper end of the medial side of the outer body 1s deformable
without the disturbance due to the adhesive filler even when
the bending moment caused by the vertical load acted on
spherical head acts on the stem. Thereby, the load 1s transmit-
ted moderately to the outer body.

In the case that the distal portion of the outer construct 1s
solid by charging either thermoplastic resin or the foam of the
same 1nto the leg, the local deformation and wrinkles of the
leg scarcely appears compared with the case of a hollow leg.
The gradual deformation of the whole of leg makes 1t fit the
medullary cavity preferably. The leg improved so as to keep
the shape thereof can be also charged the residual load which
the outer body could not transmiut.

The fine concave grooves formed on the surface of the
outer body, where the load 1s transmitted to the femur, can be
engaged with the spongiosa grown by Bone-Growth, thereby,
the unification of the stem with the femur 1s achieved early as
well as the strength of shearing stress on the interface between
them increases. Although these grooves are formed on the
whole of surface of the outer construct in principle, this effect
1s highlighted on the intermediate portion which ought to be
mainly charged by the load transmitted to the stem.

When the outer surface of the outer body 1s coated with
hydroxyapatite, 1norganic ingredients which compose
enamel and dentinum promote Bone-Growth on the interface,
that 1s, crystals of hydroxyapatite coating the stem 1s bonded
chemically to the bone that has grown from the femur, not
only enabling the stem to unite with the femur very early but
also increasing the strength against shearing stress. Needless
to say, coating hydroxyapatite on the intermediate portion of
the outer body 1s most important and contributes most effec-
tively to unite the stem with the femur.

In the case that a hook hung on the opening edge of the deep
hollow 1s formed on the proximal end of medial side of the
outer body, the touch of the hook to the opening edge of the
deep hollow comes to be a stopper which tells the operator to
stop the insertion of the stem, not only to avoid the over-
insertion of the stem 1nto the deep hollow but also to prevent
the femur from being destroyed due to receiving the excessive
hoop stress. The hook 1s very useful when the stem 1s applied
to the patient of osteoporosis that the cortical bone becomes
thin.

In the case that the moldings of both the outer construct and
the 1inner construct are divided into two halves on the parting,
surface including the longitudinal axis of the individual con-
struct. First, one half of the outer construct accommodating
one half of the mner construct 1s disposed inside one finishing
mold, as well as another half of the outer construct accom-
modating another half of the inner construct 1s disposed
inside another finishing mold. Second, two pairs of halves are
met each other by tightly closing a pair of finishing molds
under the state that only the neck of the mner construct 1s
supported 1n the identical molds independently of the outer
construct. Finally, either thermoplastic resin or 1ts compound
1s 1njected 1nto the space between the outer construction and
the inner construction, so that the high quality stem made of
composite material can be obtained without internal defects
in accordance with the principle of hydrostatic pressure.

The mner body having a cavity formed inside, whose sec-
tional area becomes larger toward the distal portion, opening,
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at the distal end thereof, lowers the rigidity thereof gradually
toward the distal end 1n response to the decrease of thickness
of itsell. The excessively low rigidity at the distal end neither
increases the rigidity which the outer body ought to have nor
disturbs the distribution thereof even if the distal end of the
inner body contacts the inner surface of the outer body. Form-
ing a notch reaching the cavity around the lower portion of the
neck during the re-operation for replacing an artificial hip
prosthesis facilitates to deform and/or break the structural
shell of the mner body, accordingly, to remove the distal
portion thereol from deep hollow. The continuity of the cavity
inside the leg and the cavity inside the inner body promotes to
lighten the stem. Such a continuous cavity i1n the stem
enlarges the capacity of accommodation of the medicament
for Bone-Growth and medullary humor so as to keep the
virtue of medicine for a certain period of time.

The holes for passing the medicament for Bone-Growth
through formed on the leg allow not only the medullary
humor to flow mto the cavity but also the medicament mixed
with the medullary humor to flow out of the cavity. The
mixture appears to the interface and advances to the interme-
diate portion of the outer body so as to contribute to Bone-
Growth and the sterilization at the region where the load 1s
charged.

The 1nner construct made of cobalt alloy or titanium alloy
1s usable as long as 1t 1s kept from contacting the inner surface
ol the outer construct, for the rigidity of the inner construct
and the distribution thereof have little influence on these of
the outer body, which enables the inner construct to be ready-
made, mass-productivity of the artificial hip joint to be pro-
moted, resulting 1n facilitating of low-priced hip joint.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 15 a sectional view of the artificial cement-less hip
prosthesis stem according to the present invention, (a) 1s
corresponding to the front of a body, () 1s a sectional view
taking along the lines of B-B 1 (a).

FIG. 2 1s a graph of torsional shearing stress acted on the
interface of medial side of the stem and the rigidity distribu-
tions of the femur and the outer construct.

FIG. 3 shows the outer construct, (a) 1s a perspective
exploded view, (b) 1s a perspective exploded view showing
the overlaying structure without the most inner layer and (c¢)
1s a cross sectional view exaggeratedly showing the state of
the layer of the medial side of the outer construct.

FI1G. 4 (a) 1s a perspective view showing the overlaid struc-
ture of the inner construct, (b) and (¢) are enlarged schematic
view ol the outer constructs being treated for Bone-Growth.

FIG. 5 1s sectional views on each station 1n FIG. 1

FIG. 6 shows processes of the quality examination of the
temur, (@) 1s a number of CT graphics taken before the opera-
tion, (b) 1s a reproductive view of the femur obtained by the
three-dimensional process of the graphics, (¢) 1s a graphic
showing the density of bone on one cross section, (d) 1s a
stereoscopic figure of a distribution of the density on one
Cross section.

FIG. 7 1s a dismantled perspective view of an example
showing the process to form the parts of the stem.

FIG. 8 shows the process to form the stem, (a) 1s a perspec-
tive view of the stem whose outer construct 1s surrounding the
iner construct, (b) 1s a perspective view of the adhesive filler
alone after being solidified, (¢) 1s a perspective view of the
final assembly of the stem provided with the screw nsert, and
(d) 1s a perspective view of the outer construct divided nto
four parts.
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FIG. 9 shows a few examples of stems according to the
present mvention and a stem belonging to the prior art
referred for the comparison.

FIG. 10 1s an explanatory diagram where the stem accord-
ing to the present invention 1s removed from the femur.

FIG. 11 shows; (a) 1s a sectional view of the stem provided
with the small open space where resin 1s not filled, accompa-
nied with an enlarged sectional view around the small open
space, (b) 1s a sectional view of the stem storing a capsule
containing medicament for Bone-Growth 1n the leg and (¢) 1s
a sectional view of the stem whose cavity 1s filled with the
foaming resin.

FI1G. 12 shows other stems according to the present inven-
tion.

FIG. 13 1s explanatory diagrams showing the process to
implant the conventional metallic stem 1nto the femur.

FIG. 14 1s perspective views of the femoral prostheses
where the conventional metallic stems are depicted 1n graphic
arts.

FIG. 15 1s explanatory diagrams showing the shearing
stress occurring on the adhesive jointing layer under the state
that two cylinders are overlapped with each other.

FIG. 16 1s an example of the stem with vaned rigidity
belonging to prior art; (a) 1s a front view corresponding to that

of the human body and (b) 1s a sectional view taking along
lines C-C 1n (a) of the figure.

SYMBOLS

1: femur, 2, 2A: stem, 3: greater trochanter, 4: epiphysis, 5:
diaphysis, 6: deep hollow, 7: inner construct, 7A: neck, 7B,
7M and 7N: mnner body, 7P: inner construct made of compos-
ite material product of a solid structure, 7Q): mnner construct
made of titanium alloy, 8: outer construct, 8 A: outer body, 8B:
leg, 8C: cap, 9: spherical head, 10: hook, 11: medullary cav-
ity, 12 and 12A: adhesive filler, 12a: small open space, 13 and
14: cavity, 15: single-dotted chain lines (torsional rigidity of
temur), 17: solid lines (torsional rigidity of stem), 18: inter-
mediate portion, 20: thin solid line (torsional shearing stress
occurred on the interface of metallic stem), 21: longitudinal
axis, 22: woven cloth arranged at an angle of approximate 45
degrees, 23: woven cloth arranged at angles of 0/90 degrees to
the longitudinal axis, 24: uni-directional fiber, 32: concave
grooves, 33: particle of hydroxyapatite, 36~39, 38A, 38B,
39 A and 39B: halves of construct, 50: medicament for Bone-
Growth, 51: holes.

BEST MODE FOR CARRYING OUT TH.
INVENTION

L]

Referring to the drawings of the embodiments, an artificial
cement-less hip prosthesis stem according to the present
invention 1s disclosed as follows; FI1G. 1(a) 1s a sectional view
in which a stem 2 1s implanted into a femur 1, and (5) 1s a
sectional view taken along lines B-B 1n (a), wherein the stem
1s implanted 1n a deep hollow 6 extending from the epiphysis
4 to the diaphysis 5 of the femur by excising some spongiosa
and a part of medulla so as not to pass through a greater
trochanter 3, gradually umited with the femur 1 by Bone-
Growth, enabling the artificial cement-less hip prosthesis
stem to eliminate the interfacial separation.

The stem 2 mainly consists of an inner construct 7 and an
outer construct 8, the former 1s provided with a neck 7A and
an inner body 7B, the latter 1s provided with an outer body 8A
and a leg 8B. The neck 7A 1s engaged with a spherical head 9
which works as a joint 1n cooperation with a socket, not
shown, fixed to a pelvis, so as to transmit a load acted on a hip
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joint to the stem 2. The inner body 7B 1s continuous with the
neck 7A reacting with the load transmitted from the neck to
the outer construct 8. The mner construct 1s located at longi-
tudinal axis of the stem 2, having a shape gradually changed
from the neck toward the distal portion without a shoulder
projecting toward a greater trochanter.

The above-mentioned outer body 8A has an after-men-
tioned hook 10 hung on the opening edge of the deep hollow
on the proximal end of the medial side, being bell mouth-

shaped toward the epiphysis so as to surround the inner body
7B. The leg 8B 1s originally united with the distal end of the
outer body, being like a long cone extending toward the med-
ullary cavity 11. In this example, the outer body 8 A 1s formed
with the leg 8B originally as a uni-molding.

The adhesive filler 12 1s filled 1n the space between the
inner body 7B and the outer body 8 A for combining with each
other, the outer surface of the outer body contacts most of the
wall of the deep hollow 6 so as to transmit the load acted on
the iner body 7B to the femur 1. The outer construct 8 1s
made of fiber reinforced plastics, but the inner construct 7 1s
not necessarily made of 1t. In this example, the inner construct
7 1s also made of fiber reinforced plastics and the distal end of
the 1nner body 7B does not directly contact the imnner surface
of the outer construct 8.

The stem 2 1s described more 1n detail as follows; the
torsional rigidity given to the proximal end and distal end of
the outer body 8A and the whole of the leg 8B 1s regulated
lower than the torsional rigidity of the intermediate portion of
the outer body 8A, resulting 1n transmitting the load distrib-
uted collectively on the mtermediate portion to the proximal
portion of the femur as uniformly as possible. The inner body
7B becomes larger 1n the cross section toward the distal
portion except the neck 7A and has a cavity 13 opening at the
distal end inside thereof. The leg 8B, mentioned above,
guides the stem 1nto the medullary cavity 11 1n the diaphysis
5, mside the leg having a cavity 14 opening at the proximal
end thereof.

The object of the present invention 1s to intend to make the
route for transmitting the load under the use of an artificial hip
joint close to that under a normal state as much as possible, so
that the load acted on the hip joint may not be concentrated on
both the distal end of the stem 2 and the proximal end of
medial side thereof. Therefore, the varied distribution of the
torsional ngidity 1s assigned to the outer body 8 A as follows;
which makes possible because the outer construct 8 1s made
of fiber reinforced plastic and 1s a thin um-structure.

FIG. 2 1s a graph where the cross section of the medial side
of the outer construct and the torsional rigidity on the wall of
the deep hollow corresponding thereto are 1llustrated 1n asso-
ciation with the torsional shearing stress acted on the interface
between the outer construct and the wall of the deep hollow.
The indications at the left side of the figure show the same
stations 1n the longitudinal direction that are appeared at the
right side of FIG. 1. The view on the right side of the indica-
tions 1s a cross sectional view of the medial side of the outer
body 8A and the leg 8B, being identically to FIG. 3 (c¢)
mentioned after. The single-dotted chain line 15 1n FIG. 2
indicates the torsional rigidity of the femur (equal to the wall
of the deep hollow). Since the cross section at epiphysis of the
femur 1s much larger than that at the diaphysis as indicated 1n
FIG. 1, the torsional rigidity naturally decreases toward the
medullary cavity. Usually, either cortical bone does not origi-
nally have the upper part over ST04 at the medial side or the
part of reference number 1a 1n FIG. 1 (a) 1s removed during
operation. The double-dotted chain line 16 which continues
on the single-dotted chain line 15 mentioned above indicates



US 8,252,062 B2

13

the ngidity estimated on the assumption that a closed space 1s
formed by the cortical bone of lateral side and the supposed
cortical bone of medial side.

The solid line 17 1n FIG. 2 indicates the distribution of the
torsional rnigidity given to the stem. In this case, the torsional
rigidity given to the outer body 8A except the intermediate
portion 18 1s regulated lower than the torsional rigidity (see
line 15) of the bone around the deep hollow corresponding to
the outer body except the intermediate portion, the torsional
rigidity given to the intermediate portion 18 1s regulated
higher than the rigidity of the bone around the deep hollow
corresponding to the intermediate portion, thereby, the route
for transmitting the load 1s made to be close to that 1n anormal
state as much as possible. The rigidity of the outer body 8A 1s
regulated to change gradually higher at the region from the
proximal portion toward the intermediate portion and gradu-
ally lower at the region from the intermediate portion toward
the distal portion of the outer body, so as to smoothly change
the shearing stress occurring on the interface. Since the load
acted on the bone neither increase nor decrease suddenly, the
outer body 8A seldom comes loose on the wall of the deep
hollow. The intermediate portion 18 corresponds to the part of
5 to 40% from the proximal end 1n the scale shown at right of
FIG. 3 (¢) mentioned after.

As mentioned above, when the torsional rigidity given to
the outer body 8 A except the mntermediate portion 18 1s regu-
lated lower than the torsional rigidity of the bone around the
deep hollow corresponding thereto, the load transmitted on
the outer body except the itermediate portion does not
become high, so that the increase in the shearing stress on the
interface 1s checked. Meanwhile, since the torsional rigidity
given to the intermediate portion 18 1s regulated higher than
the torsional rigidity of the bone around the deep hollow
corresponding to the intermediate portion, the bone and the
outer body react on each other at the intermediate portion
within the limaits that the bone does not break down. The outer
body 8A 1s never destroyed betfore the bone corresponding to
the intermediate portion of the outer body 1s destroyed, so that
the load 1s always transmitted to the bone, and vice versa,
within the maximum allowable strength of the bone.

The broken line 19 in FIG. 2 indicates the distribution of
torsional shearing stress occurring on the interface 1n the case
of a metallic stem. As described 1n FIG. 15, the stress con-
centrates at both the end of the epiphysis 4 and the end of the
diaphysis 5. However, according to the stem of the present
invention, as shown by the thin solid line 20, the stress i1s
distributed collectively on the intermediate portion 18, more-
over, the range of variation of the stress comes to be narrow on
the whole, which 1s obvious that the distribution of load 1s
similar to that under the normal state. The torsional rigidity
given to the leg 8B may be regulated constant, but may be also
regulated lower toward the distal portion as shown by the
lower half of a solid line 17, then, the shearing stress occur-
ring on the interface becomes gradually lower similarly to the
line, resulting 1n promoting the contact-ability with the wall
of the deep hollow.

The 1inventors of the present invention have experimented
and analyzed a lot to have obtained the new knowledge that
the magnitude and the distribution of torsional shearing stress
occurring 1n the rotational direction of the interface in relation
to the motion before and after sitting down are influenced
much more greatly by the rigidity of the outer construct than
that of the inner construct, therefore, it 1s important that the
varied rigidity 1s given to the outer construct and, particularly,
that the torsional rigidity is regulated much higher on the
region for transmitting load, consequently, the torsional stress
1s not concentrated at the proximal end and the distal end of
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the outer construct. Furthermore, the inventers have also
obtained another knowledge that the tension/compression
shearing stress occurring in the longitudinal direction of the
interface 1n relation to the motion during uprightly standing
and walking depends much more greatly on the nigidity of the
inner construct than that of the outer construct, and that the
rigidity of the region for transmitting load of the outer con-
struct may be regulated constant and as low as the tension/
compression rigidity of the cortical bone although the rnigidity
in the longitudinal direction of the iner construct has to be
kept high.

The point described above 1s as follows: 1t 1s important that
the tension/compression caused by the bending moment
acted on the stem 1s charged mainly on the inner construct and
the torsion acted on the hip joint 1s charged mainly on the
outer construct 1n order to transmit them to the femur. The
philosophy that two counter concepts of design are applied to
a unit of stem often obliges to accept the unsatisfactory func-
tion and performance of the stem. However, the stem accord-
ing to the present invention consists of plural parts in which
the specific design concept 1s applied individually, so that
cach part facilitates to have an ideal function and perfor-
mance, for the designing load of individual parts 1s lightened
by keeping us from compromise on designing.

In order to increase the torsional rigidity of the stem the
direction of the fibers of composite material 1s made not to
agree with the direction of torsion acted on the stem, e.g., at
angles ol approximate 45 degrees to the direction of torsion;
therefore the woven cloth whose fibers are arranged at an
angle of approximate 45 degrees to the longitudinal axis 21
(see F1G. 3(a)) of the stem 15 overlaid on the whole of surface
of the outer construct. It 1s adequate for the outer construct to
be able to withstand the shearing stress only acted at an angle
of 45 degrees to the longitudinal direction of the stem.
Because the adjustment of the rigidity 1n response to the load
in the axial direction scarcely contributes to the reduction of
the shearing stress caused by the tension/compression acted
on the interface. The varied torsional rigidity can be realized
casily by changing the number of layers of fiber woven cloth,
as shown 1n FIG. 3 (b).

In order to reinforce the stem 1n response to the tension/
compression acted thereon during uprightly standing and
walking, the woven cloths whose fibers are arranged at angles
ol approximate 0/90 degrees and uni-directional fibers, not
shown, are overlaid additionally. In the medial portion where
the flexural ngidity 1s desired to increase intensively, the
reinforced fiber 1s arranged at right angle to the direction of
axis of the stem. In the case that such cloths and fibers are
added to the outer body 8A, they are applied to only the
intermediate portion 18 corresponding to the proximal por-
tion of the stem, under the condition that the rigidity of the
intermediate portion never comes to be larger than the ten-
s1on/compression rigidity of wall of the deep hollow, 1.e., so
as to balance with the hoop stress acted on the intertace.

As shown 1n FIG. 4(a), the mner construct 7 1s overlaid
with the woven cloth 22 whose fibers are arranged at a angle
ol approximate 45 degrees to the longitudinal axis 21 of the
stem and with the woven cloth 23 whose fibers are arranged at
angles of approximate 0/90 degrees to the longitudinal axis of
the stem on the whole of surtace of the inner construct, and the
uni-directional fibers 24 1s overlaid on the range from the
proximal portion to the distal portion 11 necessary. The latter
two are mainly used by reason that they are charged by the
tension/compression, the former, the woven cloth whose
fibers are arranged at a angle of approximate 45 degrees, 1s
overlaid on the outside surface or the neighborhood so as to
realize the torsional rigidity with a few layers as possible.
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Owing to such a layer structure, the inner body has high
rigidity for the tension/compression of the magnitude which
the outer body can not endure and can withstand the bending
moment caused by the inclination of the neck 7A to the inner
body 7B.

The composite material applied to the outer construct 8 and
inner construct 7 1s fiber reinforced plastics, of which matrix
1s thermoplastic resin, e.g., harmless polyether ether ketone
or polyrther imido, and of which reinforcing material 1s 1nor-
ganic fiber, e.g., carbon fiber or glass fiber. The thermoplastic
resin as matrix 1s harmless for human bodies because 1t nei-
ther 1s hygroscopic nor lixiviate, furthermore, it 1s so tough
that 1t can make the outer construct adopt to the femur without
damage even when the outer construct 1s forced to be
deformed. The carbon fiber and the glass fiber as the rein-
forcement have high elasticity and high strength, e.g., the
maximum elastic modulus of the carbon fiber attains to 630
GPa, besides never fatigue like metal does. Although the fiber
for reinforcing 1s highly elasticity, the rigidity thereof can be
adjustable by changing the arrangement and amount of the
fiber woven cloth, thus the design for making the stem comes
to be remarkably flexible.

The mner construct does not have a shoulder with sharp
curves so that the fiber woven cloth 1s overlaid to be the
smooth lamination without wrinkles, which enables the qual-
ity of moldings to be stable. Especially, the transitional region
from the neck to the inner body can be remnforced by uni-
directional fibers having the characteristic of high tension/
compression, so that the moldings without internal defects
can be made at high strength and high quality, resulting 1n
transmitting the load from the spherical head to the femur
smoothly and in enduring the bending moment acted on itself.

The stem made of fiber-reinforced plastics 1s fabricated by
combining the outer construct and the inner construct made as
described above. Changing the number of plies of fiber woven
cloth and the direction of fibers enables an anisotropic stem to
have varied ngidity. Tailoring the fiber woven cloth in
response to the characteristic and the rigidity distribution of
the bone can provide a stem which 1s highly conformable to
orthotropic bone in comparison with an isotropic metallic
stem or a metallic stem covered with fiber reinforced plastic.

The mventors have also found that the compression shear-
ing stress occurring on the interface has a tendency to con-
centrate further on the proximal portion of the stem in pro-
portion to the thickness of the adhesive filler. Therefore, as
shown 1 FIG. 1, the mner body 7B 1s surrounded by the
adhesive filler 12, thereby, not only the compressive load 1s
distributed collectively on the intermediate position 18 of the
outer body 8A but also the concentration of shearing stress
caused by the compression as shown FIG. 15 (b) 1s elimi-
nated. It 1s worthy of notice that the stem 2 1s provided with
the space for accommodating the adhesive filler 12 originally
because 1t consists of the outer body 8 A which 1s bell mouth-
shaped and the inner body 7B which 1s slim without a shoul-
der. The space between the outer body and the inner body
becomes smaller from the proximal portion toward the distal
portion as shown 1n FIG. 1, preventing the adhesive filler 12
from advancing into the leg 8B at the distal end of the inner
body 7B.

The adhesive filler filled mentioned above 1s either thermo-
plastic resin or the compound 1n which the chopped fiber 1s
mixed 1n the thermoplastic resin as described above. The
properties of the compound 1s similar to those of the thermo-
plastic resin already explained, therefore, the elastic modulus
of the adhesive filler 1s much lower than that of the inner body
7B, and 1s very close to that of the outer body 8A. The
adhesive filler 12 1s tightly united with the outer body because
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ol the homo-characteristic of the material. Since the elastic
modulus of the adhesive filler 1s much lower than that of the
inner body 7B, the relative deformation of the adhesive filler
to the inner body 1s allowable, resulting not only i1n the
absorption of a part of torsion of the inner body but also 1in the
reduction 1n shearing stress occurring on the interface.

It 15 possible to increase more 1n the elastic modulus of the
thermoplastic resin compound containing chopped fiber than
that of the resin by itself. The possibility of increase in the
clastic modulus leads to widen the allowance for adjusting the
clastic modulus so as to {it easily to the properties of the bone
of patients. The chopped fiber makes a bridge 1n the com-
pound near the distal end of the inner body 7B to prevent the
resin from advancing further. Moreover, 1t 1s fatigueless like
the resin by itsell, of course, the durability thereot 1s superior
to that of metallic stem.

FIG. 3 1s a schematic view with a partial section of the outer
construct 8 formed as a uni-molding consists of the outer
body 8A and the leg 8B. Although the structure of the outer
construct 1s thin, the portion overlaid with a lot of plies 1s
drawn thickly as (a) of the figure 1n order to see clearly that 1t
1s made of fiber reinforced plastic. (b) 1s a perspective
exploded view showing the state where the outer construct 1s
overlaid inwardly, wherein the most mner layer mentioned
after 1s omitted. (¢) 1s a cross sectional view exaggeratedly
showing the state of the layer of the medial side of (b). It
shows clearly that the middle layer 27 consisting of several
layers 1s covered with the most outer layer 25 and the most
iner layer 26 of the outer construct 8.

Each layer 1s formed by overlaying one or several piles
made of fiber woven cloth and resin spun cloth. In every part
ol the outer construct, the piles are overlaid so that the fibers
thereol are arranged at an angle of approximate 45 degrees in
a mold. The woven cloth whose fiber 1s arranged at angles of
0/90 degrees may be overlaid if necessary. The overlaid plies
in the mold are heated by means of an autoclave, the melted
resin turns into matrix to be a layer article containing the
fibers. FIG. 5 1s sectional views of the bone and the stem at
some stations, wherein the thickness of cortical bone, thick-
ness of the outer construct 8, and layer thickness of the adhe-
stve filler 12 are changed as mentioned betfore.

As shown1n FIG. 1, the composite material stem 2 consists
of the outer body 8 A whose torsional rigidity 1s increased on
the intermediate portion 18 and the 1nner body 7B disposed
inside the outer body and the adhesive filler 12 which bonds
the outer body and the mner body. The stem broadens uni-
formly the load acted on the hip joint on the proximal portion
ol the stem to transmit 1t to the femur, resulting 1n eliminating
the shearing stress concentration on the both ends of the
interface caused by the torsion or the tension/compression.
The stem of the present ivention, unlike the conventional
stem without the outer construct (see FIG. 16), hardly makes
the heavy load act on the femur locally, so that the patients are
free from the anxiety about the postoperative disintegration of
the cortical bone.

The ngidity given to the whole of leg 8B, the proximal end
and the distal end of the outer body 8A 1s regulated lower than
the rnigidity given to the intermediate portion 18 of the outer
body 8A, as mentioned before, lowering the rigidity thereof
much more makes the shearing stress occurring at the both
ends of the outer construct very low. Not only the femur 1s
united with the both ends of the outer construct more tightly
but also the load can be distributed collectively on the inter-
mediate portion. The outer shape of the leg 8B makes the stem
insert smoothly into the deep hollow, the low rigidity thereof
reducing the load acted on the wall surface of the deep hollow.
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The leg 8B works as a guiding nose while 1t 1s inserted into
the medullary cavity 11, the cavity 14 openming at the proximal
end makes the leg adapt well to the medullary cavity. Since
the deformation thereof'1s permitted even if the excessive load
1s charged on the leg during the insertion, the pressure acted
on a bone decreases. The remnforced fiber 1s arranged at an
angle of approximate 45 degrees to the longitudinal axis of
the stem to form the outer construct, so that the guiding nose
can display the higher tflexibility in the vertical and horizontal
directions of the leg.

In the case that the 1inner body 1s kept from contacting the
inner surface of the outer construct, the inner construct 7 1s
sustained by only the adhesive filler 12 filled in the space
inside the outer body 8A. The adhesive filler works as a
cushion in the space between the inner construct and the outer
body. Accordingly, 1t 1s not required to decrease the rigidity of
distal end of the inner body to the limit thereof for the sake of
keeping the rigidity of distal end of the outer body 8 A as low
as possible. This means that the decrease 1n the durability of
the 1nner construct 7 can be checked.

The adhesive filler filled 1n the space between the outer
body and inner body maintains the shape of the outer con-
struct well. The elastic modulus of the filler 1s much lower
than that of the inner body but1s close to that of the outer body,
therefore, the impact load transmitted to the inner body 1s
reduced by the adhesive filler, the load to be transmitted to the
outer body 1s dispersed, so that the wall of the deep hollow 1s
charged only by the load with few 1impact, the shearing stress
occurring on the interface 1s uniformly broadened to prevent
the stem from loosening, as a result, the stem comes to be
usable for a long period.

The hook 10 provided on the proximal end of the outer
body 8 A comes to be stopper for telling an operator to stop the
insertion of the stem on condition that it touches an opening
edge formed beforehand by cutting oif the upper portion 1a of
the cortical bone as shown 1n FIG. 1 (a). Avoiding the over-
insertion of the stem 1nto the deep hollow prevents the femur
from being destroyed by the excessive hoop stress and a
patient from suffering from dolor caused by the break of the
temur. More than two hooks are also available, and they are
required to be flanges or fins having shape and size which do
not reinforce the upper portion of the outer body 8 A being in
low rigidity 1n spite of the number of hooks. The hooks are
very useful when the stem 1s applied to the patient of
osteoporosis that the cortical bone has become thin.

The outer construct of the aforementioned stem 1s a unit
molding forming a thin structure independently of the inner
construction. The adjusting allowance of the tension/com-
pression rigidity and torsional rigidity of the outer construct 1s
much wider than that of the skin of the stem (see FIG. 16)
without the outer construct, resulting 1n facilitating to assign
the varied distribution of the torsional rigidity to the outer
body. The potential for making a low rigidity portion on the
outer body supports to give a high rigidity to the intermediate
portion of the bell mouth-shaped shell and to give a varied
rigidity and/or an extremely low rigidity to the portion except
the intermediate portion of the outer body. The stem made of
composite material 1s reliable on durability because 1t never
fatigue unlike metallic stem does.

The majority of the load i1s transmitted to the proximal
portion of the femur via the shortest route, so that the diffu-
s10on of the load 1s checked and the efficiency of transmission
thereol 1s 1mproved. This means the reappearance of the
normal transmission process that the load transmitted from
the caput 1s mtroduced 1nto the proximal portion of femur.
The simplification of the load distribution and the uniformaity
of the load on the stem make the load transmission mecha-
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nism between the femur and the stem simple, so that the
promotion of Fit and Fill 1s required on only the region where
the load 1s mainly transmuitted.

If the load 1s transmitted to the region where the load 1s not
transmitted in a normal state by using an artificial hip pros-
thesis, the load transmitted via the normal route decreases.
Once the osteopenia caused by Stress-Shielding appears,
both the stifiness and the density of the bone are lowered on
the normal route. However, the reappearance of the load
transmission via normal route promotes the growth of bone to
check the incidence of Stress-Shielding at the region.

The mnner body 7B has a cavity 13 formed 1nside. Since the
cavity opening at the distal end thereof has the sectional area
which becomes larger toward the distal portion, 1t lowers the
rigidity thereof gradually toward the distal end 1n response to
the decrease 1n thickness of 1tself. The excessively low rigid-
ity of the distal end neither increases the rigidity which the
outer body ought to have nor changes the distribution thereof
even 1f the distal end of the mner body contacts the 1nner
surface of the outer body 8A. The continuity of the cavity 13
inside the inner body and the cavity 14 inside the leg promotes
to lighten the stem. As shown in FIG. 10 (@) explained later,
forming a notch 41 reaching the cavity 13 around the lower
portion of the neck 7A during the re-operation for replacing
an artificial hip prosthesis facilitates to remove the portion
from the notch to the distal portion of the inner body from the
temur 1. The continuous cavities mentioned above in the stem
enlarge the capacity of accommodation of the medicament 50
for Bone-Growth and medullary humor as shown 1n FIG. 11
(b), so as to keep the virtue of medicine for a certain period of
time.

S1ze, shape and rigidity of bone vary in response to gender,
age and physique of patients. However, 1t 1s possible to design
the stem 1n consideration of not only the pressure on the
interface between the stem and the femur but also the distri-
bution of the shearing stress based on the characteristic
according to the data of three dimensional CT graphics of the
femur. As a result, the rigidity and 1ts distribution which are
suitable for the wall strength and the shape of the deep hollow
having the rigidity enough to use can be assigned to the outer
construct. The outer construct comes to be adaptable to the
temur, besides Fit and Fill may be improved as well as Stress-
Shielding may be decreased. Moreover, 1t 1s possible to apply
the design for promoting the contact-ability with the femur to
the outer construct having thin structure made with ease so as
to lighten the designing load of the inner construct with thick
structure having few adjusting allowance of the rigidity.

The thin layer of the outer construct 1s adaptable to the
surface of a mold 1n the forming process, so that the outer
construct can be formed easily without the troublesome com-
plicated pressure control 1n the mold. What has to be fitted to
the shape of the deep hollow determined 1n accordance with
the three dimensional CT graphics data 1s the outer construct
alone. The accuracy on the forming by means of molds does
not need to be exact because of the existence of some fine
concave grooves on the surface of the outer body and of the
forming of an undersize hollow excised by means of medical
rasp. In spite of the fact that the outer construct 1s a custom-
made part, the construct with low rigidity promotes to lighten
and to miniaturize the mold. The 1nner construct 1s not
required to be made precisely except the neck engaged with
the spherical head since 1t does not contact the wall of the deep
hollow, accordingly, 1t may be a ready-made part to greatly
contribute to lowering price of the stem.

The processes for determining the shape and size of the
deep hollow and the shape, size and rigidity of the outer
construct according to the three dimensional CT graphics
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data are described as follows: As shown 1n FIG. 6 (a), a
number of tomograms 28 of a patient’s femur are taken,
overlapping the tomogram processed by a computer to
present the profile of a femur 1A as shown 1n (b) of the figure.
The density of cortical bone and spongiosa obtained from the
image 30 shown 1n (¢) of the figure at individual tomogram
gives us the elastic modulus and the rigidity at every cross
section of the femur, which 1s easily supported by use of the
well-known data of the rigidity 1n relation to the density of
bone. (d) of the figure shows a stereoscopic figure of a distri-
bution 31 of the rnigidity on one cross section. The contour of
the deep hollow 1s determined according to the degree of bone
density on each cross section, piling the individual contour
3-dimentionally provides us the shape to be excised by a
medical rasp. All of data of ngidity of bone around the deep
hollow tell us beforehand the strength of the femur atfter the
prosthesis.

It 1s preferable to form many fine concave grooves 32
shown 1 (b) and (c¢) of FIG. 4. They extend in the vertical
and/or horizontal directions on at least the outer surface of the
outer body 8A being a part of the outer construct which
contacts the wall of the deep hollow so as to accelerate to unite
the stem with the femur by Bone-Growth. The advance of the
spongiosa having just grown into the grooves promotes to
unite the stem with the femur, so that the shearing strength
displayed on the interface between them increases gradually.
These grooves 32 may be formed on the whole of surface of
the outer construct. Especially, 1t 1s most important to form
the grooves mainly on the intermediate portion 18 (see FIG.
1) of the outer body 8A in consideration of the fact that
Bone-Growth becomes active on the region charged with the
stimulation due to the load transmitted.

Although the grooves 32 may also be formed by the surface
treatment after the outer construct 8 has been molded, it 1s
more preferable to form them while molding the stem, for all
the surfaces of grooves can be coated with resin matrix so as
not to make the fiber appear even if the grooves are, e.g., 0.5
mm 1n width and 0.25 mm 1n depth.

In addition to the forming of the grooves mentioned above,
it 1s much more preferable to coat the particles 33 of
hydroxvyapatite on the surface of the stem as shown 1n FIG. 4
(b), or to bury them under the surface as shown 1n (¢). In the
case of burying them the resin sheet impregnating with crys-
tals of hydroxyapatite 1s disposed on the surface of the bottom
of a mold before molding the outer construct. Hydroxyapatite
1s 1morganic ingredients which compose enamel and denti-
num to promote Bone-Growth on the interface, that 1s, crys-
tals of hydroxyapatite distributed on the stem 1s bonded
chemically to the bone having grown from the femur, not only
enabling the stem to unite with the femur very early but also
increasing the strength against shearing stress.

Such a processing on the intermediate portion 18 of the
outer body 8A 1s most effective to unite the stem with the
femur. The elimination of Micro-Movement and Interfacial
Separation not only makes the stem not generate worn pow-
der causing carcinogenesis but also prevents patients from
sulfering from sharp pain caused by loosening the stem. It 1s
possible to coat both the mside of the grooves 32 and the
neighborhood thereol with hydroxyapatite. Even if the
grooves are not formed on the stem, the function of hydroxya-
patite for promoting Bone-Growth never decreases. Accord-
ingly, the use of both grooves and hydroxyapatite makes the
hip joint reappear very early.

The shapes of the inner construct 7 and the outer construct
8 forming the stems which are composite material moldings
made of fiber reinforced plastics, are continuous circumier-
entially themselves, respectively, therefore, each of them can
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be formed like a column or a cylinder. However, 1t 1s more
favorable to divide the construct into two halves along the
parting surface including the longitudinal axis thereof, as
shown 1n FIG. 7. The molds 34 and 35 are shown as one of a
pair of molds, and each construct consists of two halves 0136
and 37 or 38 and 39 arranging the fibers 1n the direction as
shown 1n FIG. 3 and FIG. 4 (a). The halves trimmed after the
release from the molds for forming the shape of the individual
half are united with each other by means of the finishing
molds, not shown, for assembling into a complete construct.
This 1s, the halves 36, 37 for the inner construct are met each
other while the neck 7A 1s hold by a tool, not shown. The
halves 38 and 39 for the outer construct are met each other so
as to cover the halves of the inner construct 7. The finishing
molds for assembling the stem are closed tightly after accom-
modating all of halves for constructs and a balloon, not
shown, for stopping the advance of the adhesive filler men-
tioned before into the cavities (see reference numbers of 13
and 14 1n FIG. 1).

Thermoplastic resin or 1ts compound 1s 1njected 1nto the
space between the inner construct 7 and the outer construct 8
shown 1n FIG. 8 (a), so that the resin spreads to even narrow
spaces mncluding the small clearances between the butted
edges of halves for constructs 1 accordance with the prin-
ciple of hydrostatic pressure. (b) of the figure shows the
adhesive filler 12 alone after being solidified. (¢) of the same
shows the stem made of composﬂe material with final outer
shape as an assembly. It 1s favorable to give an insert 40
having a hole for engaging with a screw mentioned later to the
top of the solidified adhesive filler 12.

FIG. 9 (a) 1s a schematic view of the stem 2 made 1n this
manner, which 1s overlapped with the stem 74 without the
outer construct shown 1n FIG. 16. The shape of the stem 2
which contains the adhesive filler 12 inside the outer con-
struct 8 substantially coincides with that of the stem 66 having
a shoulder 664 shown 1n FIG. 14. It 1s obvious that the stem
made ol composite material having Fit and Fill around the
epiphsis thereof being equivalent to that around the epiphsis
of metallic stem can be made easily.

In the case mentioned above, one half of the outer construct
8 consists of one half of the outer body 8 A and one half of the
leg 8B, which are continuous with each other. However, one
half of the bell mouth-shaped shell of the outer body may be
made 1independently of one half of a conical leg as shown 1n
FIG. 8 (d). The number of parts for the outer construct dis-
posed 1n finmshing molds becomes 4 of reference numbers
38A, 38B. 39A, 39B which are united with each other as
shown in FIG. 9 (b) because the adhesive filler 12 can advance
into the small clearances of the boundaries of four parts. In
this example, the moldings 38B and 39B having a few plies
can be favorably formed independently of the moldings 38A
and 39A having a lot of plies.

In FIGS. 9 () and (¢), the mner constructs of 7M and 7N
have the different shapes from ones mentioned before. The
diameter and the length of the individual construct 1s deter-
mined 1n consideration of the width of the load transmitting
surface and the strength distribution of the femur, etc. F1G. 9
(c¢) 1s an example where a cap 8C working as a cover of the
cavity formed 1n the leg 1s fixed on the distal end of the outer
construct 8, so as to store a capsule or capsules for containing
medicament for Bone-Growth mentioned after.

Process to implant the stem into the femur and to replace
the stem 1s explained brietly hereinaiter. The spongiosa in the
femur 1s excised so as to form an undersized deep hollow 6
(see FIG. 1, wherein the deep hollow 1s drawn to be oversized
for convenience.) by means of a medical rasp. The stem 2
whose neck 7A 1s engaged with the spherical head 9 1s driven
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into the femur gradually under the computer monitoring of
the position detected by a sensor (not shown) fixed to the
insert 40 shown 1n FIG. 8 (¢). When the hook 10 touches the
cortical bone of medial side (see FIG. 1 (a)), the implanted
depth and the rotational posture of the stem 2 are finely
adjusted referring to the information of the position and the
posture thereol calculated by a computer from the data
detected. Since the shapes of the deep hollow 6 and the stem
2 have been already determined from the three dimensional
CT graphics data taken before the operation, so that Fit and
Fill can be obtained as high as possible. After the operation
patients have to lie quietly 1n bed for Bone-Growth. Once the
stem 2 1s surely united with the femur, he can start practicing
walking.

When the balance of the strength between the stem and the
femur 1s lost due to aging and the like, the function of an
artificial hip prosthesis deteriorates. It 1s important not to
break the femur during the operation for replacing an artificial
hip prosthesis. Since the mner construct 7 1s provided with the
cavity 13, 1t 1s easy to form a notch 41 and to remove the
portion from the notch to the distal portion of the mner body
from the femur by pushing the mner body in the direction of
the arrow 42, as shown 1n FIG. 10 (a). Alternatively, the stem
can be removed by pulling the clevis 44 which holds the pin
43 passing through the hole drilled into the neck 7A, as shown
in (b) of the figure. Or, 1n the case that the insert 40 1s provided
with the stem as shown i (¢), the stem can be removed
gradually to hold the damages of the femur 1 at a minimum by
striking the hitting block 47 1n the direction of the arrow 48
with a hummer while gripping the handle 46 of a drawing
bench 45 engaging the screw 45a with the inner screw of the
isert. Of course, other operating and/or working processes
may be applicable. The stem 2A 1n the figure 1s an example
without a hook as a stopper hung on the opening edge of the
deep hollow.

FIG. 11 (a) 1s an example of another stem 2, wherein a
small open space 12a which 1s not filled with adhesive filler 1s
tformed inside the proximal end of medial side of the outer
body 8A. When the bending moment acts on the stem 2 to
press against the femur, not shown, due to the vertical load 49
acted on spherical head, the upper end 8q at the medial side of
the outer body 8A may be deformed easily because of the
absence of the adhesive filler 12 at the small open space as
shown 1n the enlarged cross section surrounded by a circle.
Even 11 the stem repeats such behavior many times, the dam-
age of the outer body 8A can be avoided. In the case that a
circular groove 126 including the small open space 12a 1s
formed on the whole of top of the adhesive filler 12, the
rigidity of the proximal end of the outer body 8 A 1s decreased
turthermore.

FI1G. 11 (b) shows the leg 8B which stores medicament 50
tor Bone-Growth 1n the cavity 14. In this case, the leg 8B 1s
provided with holes 51 for passing the medicament through.
The holes allow the medullary humor to flow 1nto the cavity,
and the mixture of the medullary humor with the medicament
permeated through the semi-permeable membrane S1a can
also flow out of the cavity through the holes. The mixture not
only appears to the interface mentioned before but also
advances to the outer surface of the intermediate portion 18 of
the outer body 8A, contributing to Bone-Growth and the
sterilization at the region where the load 1s charged. The
jellified medicament for Bone-Growth may be either charged
through the opening of the leg after the removal of a cap 8C or
injected through the holes by the syringe. The cavity 13 of the
inner body 7B increases the capacity for accommodating the
medicament so as to keep the virtue of medicine for a certain
period of time.
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FIG. 11 (¢) 1s an example of the stem with the leg 8B filled
with thermoplastic resin 12A. This means that the distal por-
tion of the outer construct 8 comes to be solid in some degree.
The local deformation and wrinkles occurred in the case that
the leg 1s filled with resin are much less than those occurred in
the case of ahollow leg. The gradual deformation of the whole
of leg 8B makes itself fit the medullary cavity preferably. The
leg improved so as to keep the shape thereof can be also
charged by the residual load which the outer body 8A could
not transmit. The resin charged into the leg may be also the
foam of the thermoplastic resin. The resin may be also
charged into the cavity 13 of the mnner body 7B so as to be
continuous with the resin in the cavity of the leg. In any case,
the elastic modulus of the resin charged into 1s much lower
than that of the inner body 7B itself, so that the resin never
changes the balance of ngidities of the outer construct 8 and
the inner construct 7.

FIG. 11(c) shows the outer construct 8 with a shell of
constant thickness, which 1s accomplished by decreasing the
number of plies due to the use of fibers for reinforcement of
different elastic modulus. Therefore, the outer construct 8
does not always have to be varied 1n thickness as shown 1n
FIG. 3. It 1s important that the outer construct made of com-
posite material has the rigidity of distribution suitable for the
femur of patient.

As shown 1n FIG. 12(a), the distal end 7a of the inner body
7B may also contact the mner surface of the outer construct 8.
In this case, the inner body should contact the outer body 8A
at the portion with high rigidity, so that the intfluence of the
back-up effect of the inner construct 7B on the outer construct
can be remained very small. The shortening of the inner
construct 7 enables shortening of the leg 8B which ought not
to be charged with the influence of contact with the inner body
7B. The stem with a changeable structure comes to be also
applicable to a patient with small build.

FIG. 12 (b) 1s an example of a stem where an mnner con-
struct 1s a composite material product 7P of a solid structure,
which 1s different from the mner construct 7 of FIG. 1 1n a
respect that 1t does not have a cavity 13. This stem 1s usable as
long as both the inner construct does not directly contact the
inner surface of the outer construct 8 and the adhesive filler 12
1s reasonably thick, for the rigidity and its distribution of the
outer body 8A are not affected very much by those of the inner
construct. Consequently, a cobalt alloy product or a titanium
alloy product 7Q) 1s applicable to the inner construct as shown
in (c) of the figure. The adhesive filler 12 having a thicker
layer gives the tlexibility on the determination of the outer
shape of the inner construct, so that the ready-made inner
construct can be progressively developed. The promotion of
the mass-productivity of the inner body facilitates lowering
the whole of price of a hip joint of custom-made.

The stem according to the present invention as explained
above 1n detail prevents the bone of the femur from being
thinner and the density of bone from lowering, by keeping the
load charged on the stem, especially, on the proximal portion
where the bone activates under the appropnate load. Besides,
climinating of the looseness and Micro-Movement of the
stem never generate the worn powder from the stem, so that
Fit and Fill can be improved, 1n addition, Interfacial Separa-
tion and destruction of bone scarcely occur.

The weakness of the cortical bone at the medial side of a
femur caused by the damage of caput and the removal of a part
of cortical bone during excising the inside of the femur often
make the strength of the femur lower. However, the stress
concentration on the cortical bone at and around the portion
weakened and/or removed 1s eliminated by adopting the
present invention. This means that the artificial hip prosthesis
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stem 1s widely applicable to patients including ones suffering
from osteoporosis. Because the rigidity can be decreased at
even the epiphysis whose rigidity has been lowered no longer
by reason of the existence of the neck and the unextendable
cavity. The invention facilitates to make the stem which easily
fits the deep hollow whose shape 1s obtained from the three
dimensional CT graphics data of the femur and to control the
pressure 1side the molds because of the thin structure of the
outer construct. As a result, the miniaturization and lightening
of the mold will progress and the inexpensive and harmless
stems will be able to be supplied to the market with the
potential to be ready-made partially.
SYMBOLS
1, 1A: femur,
1a: cortical bone,
2, 2A: stem,
3: greater trochanter,
4: epiphysis,
5: diaphysis,
6: deep hollow,
7: 1nner construct,
7A: neck,
7B, TM, 7N: inner body,
7P: inner construct made of composite material product of
a solid structure,
7Q: mner construct made of titanium alloy,
7a: distal end,
3: outer construct,
8A: outer body,
8B: leg,
8C: cap,
9: spherical head,
10: hook,
11: medullary cavity,
12, 12A: adhesive filler,
12a: small open space,
125: circular groove,
13, 14: cavity,
15: single-dotted chain lines (torsional rigidity of femur),
16: double-dotted chain lines,
17: solid lines (torsional rigidity of stem),
18: intermediate portion,
19: broken line,
20: thin solid line (torsional shearing stress occurred on the
interface of metallic stem),
21: longitudinal axis,
22: woven cloth arranged at an angle of approximate 435
degrees,
23: woven cloth arranged at angles of 0/90 degrees to the
longitudinal axis,
24: uni-directional fiber,
25: most outer layer,
26: most mner layer,
27: middle layer,
28: tomograms,
30: image, graphics,
31: distribution of rigidity,
32: concave grooves,
33: particle of hydroxyapatite,
34.35: mold,
36~39, 38A, 38B, 39A, 39B: halves of construct,
40: 1insert,
41: notch,
42: arrow,
43: pin,
44: clevis,
45: drawing bench,
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45a: screw,
46: handle,
4'7: hitting block,
48: arrow,
49: vertical load,
50: medicament for Bone-Growth,
51: holes,
51a: semipermeable membrane,
61: pelvis,
62: femur,
62A: outer cylinder,
63: caput,
64: greater trochanter,
65: gluteus medius,
65B: cortical bone,
66: metallic stem (short rod),
66 A: inner cylinder,
66a: neck,
66b: body part,
66c: leg, 66d: shoulder,
67: deep hollow,
68: cortical bone,
69: spongiosa,
70: medullary cavity,
71: spherical head,
72: epiphysis,
73: 1interface,
73e: end,
74: composite material stem,
75: cortical bone,
75B: cortical bone,
76: diaphysis,
77,778,774, 77b: epidermius,
78: epiphysis,
79: cavity,
80: mner epidermius,
81: foaming resin.
The mvention claimed 1s:
1. An artificial cement-less hip prosthesis stem which 1s
adapted to be implanted into a deep hollow extending from an
epiphysis to a diaphysis of a femur so as not to pass through
a greater trochanter thereof, and being adapted to gradually be
united with the femur by bone growth, comprising;
an 1nner construct having both a neck to be engaged with a
spherical head which works as a joint 1n cooperation
with a socket adapted to be fixed to a pelvis and an inner
body to be reacted with a load transmuitted from the neck,

an outer construct made of fiber reinforced plastics having
both an outer body which 1s bell mouth-shaped and
adapted to open toward the epiphysis so as to surround
said 1nner body which 1s combined with the outer body
by an adhesive filler filled 1n a space between the outer
body and the inner body and a leg adapted to extend
toward a medullary cavity, for transmitting a load acting
on a hip joint to the femur, wherein said inner body does
not directly contact an nner surface of the outer con-
struct, and

torsional rigidity given to a proximal end and a distal end of

said outer body and the leg 1s regulated to be lower than
a torsional rigidity of an intermediate portion of said
outer body, resulting 1n transmitting the load distributed
collectively on an intermediate portion to a proximal
portion of the femur as uniformly as possible.

2. An artificial cement-less hip prosthesis stem according
to claim 1, wherein said outer construct 1s made from 1nor-
ganic {iber reinforced plastics, including a matrix composed
of a thermoplastic resin.
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3. An artificial cement-less hip prosthesis stem according
to claim 2 wherein the thermoplastic resin 1s made from
polyether ether ketone.

4. An artificial cement-less hip prosthesis stem according
to claim 1, wherein said adhesive filler filled 1inside the outer
body 1s either a thermoplastic resin, or a mixture containing,
chopped fiber mixed with the thermoplastic resin.

5. An artificial cement-less hip prosthesis stem according,
to claim 1, wherein the torsional rigidity given to said outer
body except the intermediate portion is regulated to be lower
than a torsional rigidity of the bone around the deep hollow
corresponding thereto, and the torsional rigidity given to the
intermediate portion 1s regulated to be higher than the tor-
sional rigidity of the bone around the deep hollow corre-
sponding to the intermediate portion.

6. An artificial cement-less hip prosthesis stem according
to claim 1, wherein a woven cloth having fibers arranged at an
angle of approximately 45degrees relative to a longitudinal
axis of said artificial cement-less hip prosthesis stem 1s over-
laid over a whole surface of said outer construct, and a woven
cloth whose fibers are arranged at an angle of other degrees 1s
overlaid only over a part of the surface.

7. An artificial cement-less hip prosthesis stem according
to claim 1, wherein said leg adapted to extend toward the
medullary cavity in the diaphysis has a cavity opening at a
proximal end thereof.

8. An artificial cement-less hip prosthesis stem according
to claim 7, wherein said leg 1s provided with holes for passing,
therethrough a medicament adapted to be stored therein for
promoting bone growth.

9. An artificial cement-less hip prosthesis stem according
to claim 1, wherein the 1inner construct 1s made of fiber rein-
forced plastics, and woven cloths having fibers arranged at
angles ol approximate both 45 and 0/90 degrees relative to a

longitudinal axis of the artificial cement-less hip prosthesis
stem are overlaid over a whole surface of said inner construct.

10. An artificial cement-less hip prosthesis stem according
to claim 1, wherein said inner construct has a shape gradually
changed from the neck toward a distal portion thereof without
having a shoulder adapted to project toward the greater tro-
chanter.

11. An artificial cement-less hip prosthesis stem according
to claim 1, wherein the adhesive filler 1s not filled inside a
proximal end of a medial side of the outer body.

12. An artificial cement-less hip prosthesis stem according
to claim 1, wherein a thermoplastic resin or a thermoplastic
foam 1s charged into said leg so that a distal portion of the
outer construct becomes solid.
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13. An artificial cement-less hip prosthesis stem according
to claim 1, wherein fine concave grooves are formed on the
outer surface of said outer body.

14. An artificial cement-less hip prosthesis stem according
to claim 1, wherein the outer surface of said outer body 1s
coated with hydroxyapatite.

15. An artificial cement-less hip prosthesis stem according
to claim 1, wherein a proximal end of a medial side of said
outer body includes a hook adapted to be hung on an opening
edge of said deep hollow.

16. An artificial cement-less hip prosthesis stem according
to claim 1, wherein both said outer construct and inner con-

struct are divided into two halves which mate together to form
said outer construct and said inner construct.

17. An artificial cement-less hip prosthesis stem according
to claim 1, wherein said inner construct 1s made of cobalt
alloy or titanium alloy.
18. An artificial cement-less hip prosthesis stem according
to claim 1, wherein fine concave grooves are formed on the
intermediate portion of the outer surface of said outer body.
19. An artificial cement-less hip prosthesis stem which 1s
adapted to be implanted 1nto a deep hollow extending from an
epiphysis to a diaphysis of a femur so as not to pass through
a greater trochanter thereot, and being adapted to gradually be
united with the femur by bone growth, comprising;
an 1inner construct having both a neck to be engaged with a
spherical head which works as a jomnt in cooperation
with a socket adapted to be fixed to a pelvis and an 1nner
body to be reacted with a load transmitted from the neck,

an outer construct made of fiber reinforced plastics having,
both an outer body which 1s adapted to be bell mouth-
shaped toward the epiphysis so as to surround said inner
body which 1s combined with the outer body by an
adhesive filler filled 1n a space between the outer body
and the mner body and a leg adapted to extend toward a
medullary cavity, for transmitting a load acting on a hip
joint to the femur, and
torsional rigidity given to a proximal end and a distal end of
said outer body and the leg 1s regulated to be lower than
a torsional rigidity of an intermediate portion of said
outer body, resulting in transmitting the load distributed
collectively on an intermediate portion to a proximal
portion of the femur as uniformly as possible, and,

wherein said mner body has a cavity formed 1nside, the
cavity having a cross-section which increases towards a
distal portion of said inner body.

20. An artificial cement-less hip prosthesis stem according
to claim 19 wherein the distal end of said inner body contacts
the 1nner surface of the outer construct.
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